A family of immunoglobulin isotype-switch variants was isolated by sib selection from a murine hybridoma which produced an immunoglobulin G subclass 1 (IgGl) antibody specific for the capsular polysaccharide of Cryptococcus neoformans. Antibodies of the IgGl, IgG2a, and IgG2b isotypes had similar serotype specificity patterns in double immunodiffusion assays which used polysaccharides of the four cryptococcal serotypes as antigens. A quantitative difference in the ability of the isotypes to form a precipitate with the polysaccharide was observed in a double immunodiffusion assay and confirmed in a quantitative precipitin assay. The relative precipitating activity of the antibodies was IgG2a > IgGl >> IgG2b. Analysis by enzyme-linked immunosorbent assay of the reactivity of the three isotypes with cryptococcal polysaccharide showed identical titers and slopes, suggesting that the variable region of the class-switch antibodies was unaltered. This system allowed us to examine the effect of the Fc portion of the antibody on opsonization of encapsulated cryptococci. Yeast cells were precoated with antibodies of each isotype and incubated with murine macrophages or cultured human monocytes. Antibodies of all three isotypes exhibited a dose-dependent opsonization for phagocytosis by both human and murine phagocytes. The relative opsonic activity of the antibodies was IgG2a > IgGl > IgG2b.
Cryptococcus neoformans is a pathogenic yeast surrounded by an antiphagocytic capsule. Nonencapsulated cryptococci are readily engulfed by phagocytes, but encapsulated yeast cells are resistant to phagocytosis. Previous studies have demonstrated that anticapsular immunoglobulin G (IgG) can opsonize the yeast for ingestion by phagocytes (14) , suggesting a role for antibodies in host defense. The possible importance of antibody is supported by clinical evidence that circulating antibodies to the capsular polysaccharide are correlated with a positive prognosis (8) . Direct evidence for the protective role of antibody was provided by Dromer et al., who demonstrated that passive immunization with a monoclonal antibody (MAb) specific for the capsular polysaccharide protected mice against the lethal acute pulmonary infection that occurs in complement component 5 (C5)-deficient mice (9) . Since antifungal therapy against cryptococcosis is difficult in immunocompromised patients, particularly patients with acquired immunodeficiency syndrome, antibodies may have potential value in immunotherapy.
Many biological properties of antibodies are related to the structure of the Fc portion of the molecule. The heavy-chain isotype of IgG determines biological activities such as complement fixation (20) , serum half-life (28) , antibody-directed cell-mediated cytotoxicity (13) , and binding to monocyte receptors (2) . Given the importance of the immunoglobulin isotype in determining the opsonic activity of an antibody, it is likely that the efficacy of an antibody for passive immunization is also influenced by the heavy-chain isotype.
In a rare event, variant cells arise in antibody-producing hybridoma cell lines. These variant cells produce a different heavy-chain isotype than the parent cell line. The switch involves only the heavy-chain constant region, leaving the light chains and the heavy-chain variable region unaltered. Therefore, variation in the isotype occurs with no change in * Corresponding author.
the affinity or epitope specificity of the antibody (7, 16, 21, 22) .
In a previous report, we described the production and characterization of MAbs reactive with cryptococcal polysaccharide (10) . One of these antibodies, designated MAb 471, is reactive with an epitope shared by all four serotypes of C. neoformans. The broad specificity of this antibody makes it an ideal candidate for use in passive immunization. The objectives of this study were (i) to develop a family of isotype-switch variant antibodies from MAb 471 which differ only in their heavy-chain isotype, (ii) to verify that the different isotypes had identical reactivity with the capsular polysaccharide, and (iii) to compare the ability of the isotype-switch variants to opsonize encapsulated cryptococci for phagocytosis by murine macrophages and cultured human monocytes. Cryptococcosis frequently produces high levels of antigenemia, particularly in the patient with acquired immunodeficiency syndrome. Passive immunization has the possibility for producing in vivo immune complexes in patients with antigenemia, with accompanying pathology. As a consequence, our examination of the in vitro properties of the family of isotype-switch variants included an evaluation of their ability to produce precipitating antigen-antibody complexes. Our results indicate that IgG2b has a markedly weaker ability to precipitate cryptococcal polysaccharide than IgGl or IgG2a. Our results also indicate that the isotype-switch variants can opsonize cryptococci and that the opsonic activity can be ordered IgG2a > IgGl > IgG2b.
MATERIALS AND METHODS
Cell lines and selection of class-switch variants. The parent murine hybridoma cell line 471 produces an IgGl antibody reactive with an epitope shared by polysaccharides of C. neoformans serotypes A, B, C, and D. Procedures for production and characterization of this MAb have been described elsewhere (10) . We used sib selection to sequentially isolate spontaneously produced isotype-switch vari-ants secreting IgG2b and IgG2a (26) . Cells of hybridoma line 471 were cultured in a 96-well flat-bottomed plate at a density of 1,000 cells per well and grown to confluency. All wells were screened by enzyme-linked immunosorbent assay (ELISA), as described below, for the presence of immunoglobulins of the IgG2b subclass. Cells from wells which contained class-switch antibodies were placed in 1-ml cultures and grown to confluency. The supernatant fluid was screened to ensure that class-switch antibodies were present, and positive wells were subcultured at a density of 20 cells per well. After 10 days, the supernatant fluid from the wells was screened for the presence of the class-switch variant. Wells containing IgG2b-secreting cells were further cloned at least twice by limiting dilution. A cell line producing antibody of the IgG2a isotype was isolated from the IgG2b-secreting line in an identical manner. 
RESULTS
Isotype-switch variants were found at a frequency of one switch variant for every 500,000 cells of each parent line. The heavy-chain isotype of the class-switch antibodies was confirmed by double immunodiffusion against antisera with a known isotype specificity and by pH-dependent elution of the antibodies from protein A-Sepharose. Immunoaffinitypurified class-switch antibodies of the IgGl, IgG2a, and IgG2b isotypes were shown to be reactive with (respectively) heavy-chain-specific anti-IgGl, anti-IgG2a, and antiIgG2b. Analysis of the binding of each class-switch antibody to protein A-Sepharose showed that the IgGl antibody eluted from protein A at pH 6, IgG2a eluted at pH 5, and IgG2b eluted at pH 4, results consistent with the behavior of murine IgGl, IgG2a, and IgG2b, respectively (11) . After electrophoresis on sodium dodecyl sulfate-polyacrylamide gels, the affinity-purified antibodies appeared as a single band (150 kilodaltons) under nonreducing conditions and produced two bands (50 and 25 kilodaltons) under reducing conditions. Parent cell line 471 secretes an IgGl that is reactive with an epitope found on polysaccharides from all four cryptococcal serotypes. Double immunodiffusion showed that the isotype variants retained the serotype specificity of the parent cell line (Fig. 1) . However, it should be noted that the IgG2b antibody had a generally reduced ability to precipitate the polysaccharides, particularly serotype D.
A quantitative precipitation assay was used to compare the abilities of the isotype-switch antibodies to precipitate cryptococcal polysaccharide. The results (Fig. 2) showed that the isotype variants differed in their abilities to form a precipitate. IgG2a had the greatest ability to form insoluble complexes; IgGl formed moderate amounts of precipitate; and IgG2b had a very limited ability to form a precipitate. The observed differences could not be attributed to differences in the amount of antibody added, because affinitypurified antibodies were used in all assays.
Further evidence for retention of parental antigen-binding activity by the isotype variants was provided by an ELISA assay. Plates were coated with serotype A polysaccharide. The reactivity of each isotype variant was determined as described in Materials and Methods. The results showed that the three IgG isotypes were equally reactive with cryptococcal polysaccharide with regard to both the titer and the slope when antibody dilution was plotted against optical density at 490 nm (Fig. 3) . This indicates that despite a reduced precipitating activity on the part of IgG2b, the antigenbinding activities of both IgG2a and IgG2b were not altered during the isotype selection. Phagocytosis assays were used to compare the opsonic activities of the isotype-switch antibodies. Yeast cells precoated with dilutions of the isotype-switch antibodies were incubated with monolayers of murine macrophages. Encapsulated cryptococci were opsonized by all three antibodies (Fig. 4) The opsonic activity of the isotype-switch antibodies for phagocytosis by cultured human monocytes was also determined. Yeast cells precoated with dilutions of the antibodies were incubated with cultured human monocytes. The results (Fig. 5) showed that encapsulated cryptococci were opsonized by each of the isotype-switch antibodies. As with murine macrophages, IgG2b was less opsonic than IgGl or IgG2a. DISCUSSION sib selection was used to isolate a family of isotype subclass switch variants. We sequentially isolated cell lines producing IgG2a and IgG2b from a hybridoma which produced an IgGl antibody specific for the capsular polysac- Several studies have shown that the precipitating activity of IgG is markedly influenced by the Fc portion of the antibody (18, 24) . The poor precipitating activity of antibodies of the IgG2b isotype has been noted in previous reports (6, 12) . These studies used MAbs whose affinities did not differ significantly. Our results with a class-switch family of antibodies having identical epitope specificities provides additional evidence that IgG2b antibody has poor precipitating activity. This observation has important implications for the possible use of passive immunization in cryptococcosis. The high levels of antigenemia that occur in cryptococcosis raise the likelihood that passive immunization with antibody having strong precipitating activity will lead to one or more forms of immune complex disease (1) . The poor precipitating activity of the IgG2b antibody would make that immunoglobulin isotype a candidate for passive immunization if it is shown to have in vivo efficacy.
Antibodies of the IgGl, IgG2a, and IgG2b isotypes were opsonic for the yeast; however, there were consistent differences in the relative opsonic activities of the three antibodies. The IgG2a antibody was most opsonic, followed in order by IgGl and IgG2b. This relative opsonic activity was observed with both cultured human monocytes and murine peritoneal macrophages. These results are in partial agreement with those of a previous analysis of the role of isotype in opsonization of erythrocytes. As with our study, Ralph et al. found that IgG2a was a potent opsonin but that IgGl and IgG2b also had substantial opsonic activities (23) . The main difference between our results and those of Ralph et al. is the relative ability of IgGl and IgG2b to facilitate phagocytosis. A direct comparison of our results with those reported by Ralph et al. is difficult, because their study utilized antibodies of different isotypes that were obtained from fractionated antiserum or hybridoma cell lines rather than a family of isotype-switch variants. Thus, there is no assurance that observed differences were independent of the antibodycombining site.
Our results are also in good agreement with those of previous studies that compare the biological activities of families of isotype-switch variants. These studies examined the ability of the antibodies to mediate antibody-directed cell-mediated cytotoxicity. Effector cells that have been examined include peripheral blood mononuclear cells (19) , isolated human monocytes (2, 17, 27) , and nonadherent K cells (13) , while target cells have been sheep erythrocytes (2) or tumor cells (13, 17, 19, 27) . A consistent pattern has emerged in all of these studies, in which IgG2a is the most effective facilitator of the interaction between target cells and effector cells. This result is identical with our observation that IgG2a is the most effective opsonin of encapsulated cryptococci. There is no consistent pattern for the relative efficacy of IgGl and IgG2b. Some studies have found IgGl to be a more effective mediator of antibody-directed cellmediated cytotoxicity than IgG2b (2, 17, 27) , whereas others have found IgG2b to be more active (13, 19 
